Abstract Neighborhood parks are important venues for the urban population to do moderate-to-vigorous physical activity in leisure time. Parks can be particularly important for low-income neighborhoods, whose residents suffer from high rates of chronic diseases and may have less access to fee-based fitness exercise facilities. This study assessed the contribution of parks to local populations' physical activity in 48 high-poverty neighborhoods in the city of Los Angeles, using systematic observation of park use and surveys of park users and residents conducted between 2013 and 2015. We found that parks accounted for approximately 2.1% (betweenpark SD = 1.4%) of moderate physical activity time and 3.1% (between-park SD = 2.1%) of vigorous physical activity time of the local population, both of which were notably lower than the city-level average previously reported. Parks' contribution to physical activity was positively associated with park size (β = 0.13, p < 0.0001) and negatively associated with poverty (β = − 0.10, p < 0.0001) and local population density (β = − 0.25, p = 0.005). Parks in high-poverty neighborhoods in Los Angeles are underutilized, and more efforts are needed to fully realize their potential for population health.
Introduction
Task Force on Community Preventive Service and the Centers for Disease Control and Prevention (CDC) suggested providing recreational facilities such as parks to encourage physical activity [1, 2] . Previous studies have demonstrated the vital role of neighborhood parks as venues for leisure-time moderate-to-vigorous physical activity(MVPA) [3] [4] [5] [6] . Specifically, on average, a neighborhood park in the city of Los Angeles accounted for approximately 2.6% of all moderate physical activity and 15.9% of all vigorous physical activity occurred for residents living within a 1-mi radius of the park [5] . Parks could be an important resource for low-income populations, who suffer from high rates of chronic diseases [7] [8] [9] and have less access to fee-based health clubs or other private recreational resources [10, 11] than higher-income populations.
However, previous studies have shown that park use had a significantly negative association with local poverty rate, adjusting for park characteristics and local population density [12] [13] [14] . The high crime rates in high-poverty neighborhoods may be a significant barrier for some to use open public space [15, 16] in particular, during evening hours. Low-income populations may not have the preferences for leisure-time MVPA due to other social, economic, and cultural factors [17] [18] [19] . Therefore, the actual role of parks in high-poverty neighborhoods for supporting leisure-time MVPA may be lower than ideal. To our knowledge, no prior study has focused on parks' contribution to local populations' MVPA in high-poverty urban neighborhoods. This study aims to fill this gap.
Method
Rationale for Quantifying Park's Contribution to Local Population's MVPA We adapted the method from previous studies [4, 5] to quantify the role of parks in local population's MVPA, defined as the fraction of all MVPA of a local population that occurs in a neighborhood park. Figure 1 illustrates the rationale, where rectangle (A) represents park-based MVPA by all park users both locally and elsewhere, rectangle (B) represents the total MVPA accrued by the local population in parks and elsewhere, and the intersection area (C) represents the part of local population's MVPA occurred in their neighborhood park. The role of a neighborhood park for its local population's MVPA is the proportion of the local population's MVPA time that occurred in the park, namely, the ratio between the area of (C) and the area of (B). Area in (A) but not in (C) represents park-based MVPA accrued by non-local users, and area in (B) but not in (C) is the MVPA time of the local residents accrued not in their neighborhood park.
Data Sources and Measurements

Study Parks
We studied 48 parks in neighborhoods in the city of Los Angeles where the proportion of households in poverty was above the median of all census tracts within the city boundaries. These parks were selected as part of a clinical trial to promote physical activity in highpoverty neighborhoods [6] . Each park had a recreational center, on-site full-time staff, and multiple recreational facilities.
Direct Observations of Park-Based Physical Activity
We employed the System of Observing Play and Recreation in Communities (SOPARC) developed by McKenzie et al. [20] to observe park use and parkbased physical activity. The data collected by SOPARC included the total number of people in different physical activity levels (sedentary, moderate, and vigorous), and subgroup counts by age and gender. We observed parkbased physical activity three times on 1 day monthly for 6 months for wave 1 between 2013 and 2014. Half of observation days were weekend days, and the other half of them were weekdays. We repeated this process for wave 2 between 2014 and 2015.
Park User Survey
We selected park users for the survey based on quotas by gender and physical activity level. We targeted 50% males and one third of park users who were observed as being engaged in MVPA before the survey. Across the 48 study parks, we fielded 3175 responses from park users. On average, we had 66 responses per park.
Local Population Data and Population-Level Physical Activity
We considered a park's local neighborhood as 1-mi buffer centered at the park's geocoded location. The local population information was retrieved using the tract-level census data from the 2010 US Decennial Census. Population-level physical activity was based on the National Health and Nutrition Examination Survey (hereafter, NHANES) accelerometer-based estimates [21] . 
Statistical Analysis
In this paper, MVPA was measured as the total time accrued by all people for a 1-week period (in the unit of person-hours). We estimated the park-based MVPA (A), the total MVPA by local population (B), and the intersection (C) in Fig. 1 using different data sources.
Estimating Park-Based Physical Activity by Park Users (A)
The park-based MVPA estimation assumed no inclement weather conditions and was based on the direct observation data for park use. We first fitted a mixed-effect model to estimate the hourly MVPA levels. We defined Y t,w,i as the observed number of park users engaging in MVPA at hour t (t = 8 am to 10 pm) on day w (w = 1,…,7) in park i (i = 1,…48). We estimated the predicted number of park users at time t during weekdays and weekends separately since we assumed that the number of park users differed during weekdays and the weekend. The specific model is log(Y t, w, i ) = β 0i + β 1 * pop i + β 2 * pov i + β 3 * acres i + β 4t * hour t + β 5w weekend w + β 6tw * hour t * weekend w + ε iwt where the dependent variable is the log-transformed outcome. We used interaction effect to allow for different temporal trend between weekdays and weekend days. Fixed effects β 1 to β 5 represent the mean effect of park characteristics and observation time such as the population within 1 mi (pop i ), poverty level in neighborhood (pov i ), park size (acres i ), observation time including hours of day (hour t ) and days (weekend w ), and β 6 represents the interaction effect between observation time and observation day (hour t * weekend w ). Random effects at the park level (β 0i ) are also included. The log transformation was necessary to account for the skewed distribution in the raw outcome.
Next, we calculated the average of weekly park use time for MVPA in a study park by integrating hourly park use estimations. We assumed that a park was usable between 8 am and 10 pm, i.e., 14 h a day. The daily park-based MVPA is estimated by
dt, where weekdays and weekend days have different estimates. The weekly park-based MVPA is equal to the sum of all daily estimates in a week. We estimated both park-based MVPA by all park users and by subgroups of park users (age group and gender). The mixed-effect model and numerical integration for each age and gender group were all coded in SAS 9.4.
Estimating Park-Based Physical Activity by the Local Population (C)
We first calculated the proportion of local park users among all park users using the park user survey, where we asked survey respondents to select the distance stratum of theirs (within 0.5 mi, within 1 mi, and more than 1 mi). We estimated the proportion of local park users for each park separately since each park could have different user characteristics. We assumed the same mean park-based MVPA time per person. The portion of park-based MVPA by the local population (C) was equal to the total park-based MVPA (A) multiplied by the proportion of local park users.
Estimating the Total Physical Activity of the Local Population (B)
We used two datasets in this estimation: the 2010 US census and the 2003-2004 NHANES accelerometry data. The NHANES data provided the national average MVPA per person, and the census data provided the size and composition of the local population. Previous studies [4, 5] did not consider the race/ethnicity factor. However, since our study neighborhoods had predominantly African American and Latinos residents and there were sizable differences in physical activity among radical-ethnic groups [21] , we estimated the total MVPA of the local population by race/ethnicity subgroups.
We retrieved the average MVPA per person by gender-age-race/ethnicity strata and by the modified 10-min activity bouts from Troiano et al. [21] . Since the NHANES and census data had different definitions for age groups, we adjusted both using proportional estimation to match the observation data that used four categories for age-child (0-11), teenager (12) (13) (14) (15) (16) (17) (18) (19) , adult , and senior (65+). In each adjusted age-gender-race/ethnicity stratum, the average MVPA time multiplied by the population count yielded the estimate MVPA in that stratum. Lastly, we aggregated across all strata to find the total MVPA for the local population. Taking the results from previous steps, we calculated the ratio of park-based MVPA by the local population (C) and the total MVPA by the local population (B) for each park separately. This ratio quantified the contribution of a specific park to its local population's MVPA. We also examined the between-park standard deviations and explored the association between parks' contribution and park size, poverty, and local population density. Table 1 shows the characteristics of the 48 study parks and their neighborhoods. On average, a park in highpoverty neighborhood had 8.4 ac of land. A highpoverty park neighborhood had 51,713 local residents, where 69% were Hispanics and 27% of households were in poverty. On average, the local population within a 1-mi radius of a park had 52,596 person-hours of moderate physical activity (range 23,338-129,802 person-hours) and 5975 person-hours of vigorous physical activity (range 2687-14,525 person-hours). Most of the MVPA time were due to male residents. Also, on average, 84.0% of park users were the local residents of the park (range 54.8-100%). Table 2 presents the estimated park use in highpoverty neighborhoods. The mean park use is approximately 4089 person-hours in 1 week. Males spent 2750 person-hours while females spent only around 1339 person-hours. Adults used parks the most (2279 person-hours). Children (1151 person-hours) and teenagers (583 person-hours) followed. Seniors utilized parks the 26.3% of park use time by females were in MVPA and 36.4% by males. The level of physical activity dropped with age, reflected on the decreasing proportion of park use time spent in MVPA: children and teenagers were most active (45.5% and 41.8%, respectively), adults were less active (25.2%), and seniors were the least active age group (17.1%). Table 3 shows the average contribution of a park to local residents' MVPA. Overall, a park's contribution was 2.1 (between-park SD = 1.4%) for moderate activity and 3.1% (between-park SD = 2.1%) for vigorous activity for the local population. For the entire local population and every gender and age group, a park's contribution was always higher for vigorous activity than for moderate activity. Parks' contribution was higher for males than for females. Compared with other age groups, parks' role for vigorous activity is the highest for seniors. In general, parks only accounted for a small part of the local population's MVPA time in high-poverty neighborhoods. Figure 2 shows the associations between the estimated park contribution to local population's MVPA (%) and key park-level variables (park size, the proportion of the household who live below the poverty line, and the number of the population). Park acreage was positively associated with parks' contribution (β = 0.13, R 2 = 0.32). Poverty level was negatively associated to parks' contribution (β = − 0.10, R 2 = 0.29). Population density had a negative relationship with parks' contribution (β = − 0.25, R 2 = 0.16). All associations were statistically significant with p value < 0.01.
Results
Discussion
This study found that parks in high-poverty neighborhoods played a small role for their local population's MVPA. Parks in high-poverty neighborhoods in Los Angeles were underutilized compared to parks in other neighborhoods of the same city. People in high-poverty neighborhood visited parks less and were also less active in parks. Compared to the previous study for the entire Los Angeles City [5] , the population within 1 mi of the park in high-poverty neighborhoods was 30% larger (51,713 and 40,000, respectively), while the average park size was 15% smaller (8.4 ac and 10 ac, respectively). On average, local residents in highpoverty neighborhood had less park land per capita. The proportions of park use time spent in MVPA (33.1%) and vigorous physical activity (4.8%) were also lower than the city-level averages (35% and 12%, respectively) [5] . The contribution of a park to local populations' MVPA in a high poverty neighborhood (2.1% for moderate and 3.1% for vigorous) was much lower than the city-level average (2.6% for moderate and 15.9% for vigorous activity, respectively) [5] . Empirically, our regression analysis found that parks' contribution to local residents' MVPA is negatively associated with poverty rate, positively associated with park acreage, and negatively associated with population density. These findings predict that parks in poor neighborhoods should have smaller contributions compared to parks in higher-income neighborhoods. Several reasons might explain low utilization. The finding of lower park utilization in high-poverty neighborhoods is consistent with previous studies [14] . Crime and concern for safety may be a barrier for the local populations to use public space in high-poverty neighborhoods [15, 16, 22] . Moreover, a lack of programs and facilities for physical activity could attract fewer people to come to parks. For example, a national study [14] showed that the facilities such as walking loops increased the MVPA hours in parks. We checked top and bottom five parks by estimated contributions and found that three of the top five parks had walking path while none of the bottom five parks had it. There are many useful suggestions in the literature for promoting park-based physical activities, included but not limited to adding walking paths, programming, marketing, and intensive interventions [6, 14, 23] . In summary, parks in high-poverty neighborhoods have not realized their potentials, and more efforts are needed to promote parkbased MVPA.
This study has several limitations. First, the 2003-2004 NHANES accelerometry data is known to have various measurement biases and is inconsistent with the more recent 2013-2014 NHANES accelerometry data (using wrist-wear accelerometer instead of the standard waist-wear accelerometer). We still adopted 2003-2004 data to be consistent with the previous studies. Although this may lead to biased estimates, the results for highpoverty neighborhood can be directly compared to the previous findings for the city-level average. Second, our assumption that all park users had the same mean parkbased MVPA may not hold since the duration of park visits may well depend on physical activities in parks. Third, park user survey was a convenient sample instead of a representative sample. It is challenging to draw a probability sample in open space and trace individuallevel activities in parks. Lastly, park use is highly volatile, and we only had 24 observation hours for each park. The sample size in each park limited the precision in estimating park-level contributions.
